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Effect of long-term storage on hormone measurements in samples from
pregnant women: The experience of the Finnish Maternity Cohort
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Abstract

Validity of biobank studies on hormone associated cancers depend on the extent the sample preservation is affecting the
hormone measurements. We investigated the effect of long-term storage (up to 22 years) on immunoassay measurements of
three groups of hormones and associated proteins: sex-steroids [estradiol, progesterone, testosterone, dihydroepiandroster-
one sulphate (DHEAS), sex hormone-binding globulin (SHBG)], pregnancy-specific hormones [human chorionic
gonadotropin (hCG), placental growth hormone (pGH), alpha-fetoprotein (AFP)], and insulin-like growth factor (IGF)
family hormones exploiting the world largest serum bank, the Finnish Maternity Cohort (FMC). Hormones of interest were
analyzed in a random sample of 154 Finnish women in the median age (29.5 years, range 25 to 34 years) of their first
pregnancy with serum samples drawn during the first trimester. All hormone measurements were performed using
commercial enzyme-linked- or radio-immunoassays. Storage time did not correlate with serum levels of testosterone,
DHEAS, hCG, pGH and total IGFBP-1. It had a weak or moderate negative correlation with serum levels of progesterone
(Spearman’s ranked correlation coefficient (r;) = —0.36), IGF-I (r; = —0.23) and IGF binding protein (BP)-3 (ry= —
0.38), and weak positive correlation with estradiol (r; =0.23), SHBG (r; =0.16), AFP (r; =0.20) and non-phosphorylated
IGF binding protein (BP)-1 (ry =0.27). The variation of all hormone levels studied followed the kinetics reported for early
pregnancy. Bench-lag time (the time between sample collection and freezing for storage) did not materially affect the serum
hormone levels. In conclusion, the stored FMC serum samples can be used to study hormone-disease associations, but close
matching for storage time and gestational day are necessary design components of all related biobank studies.

Biological samples collected from large population
based cohorts before the diagnosis of a chronic
disease allow accumulation of sizeable numbers of
diseased cases nested in the cohort. Analysis of the
cases’ samples and those of appropriately matched
controls can provide essential information about
etiopathogenesis of the disease [1,2]. In the Nordic
countries there are several exceptionally large and
long-standing cohorts with biological samples stored
at < —20°C [3,4]. Although these biobanks are a

unique resource, long-term storage of the samples
may deteriorate quality of the samples. This can
result in attenuation of the biomarker-disease risk
estimates and/or misclassification of exposures
among the cases and the controls [5].

Pregnancy is characterized by dynamic changes in
the levels of circulating steroid and protein hor-
mones. Studies on disease associations of endogen-
ous hormone exposure during pregnancy have,
however, been hampered by unknown validity of
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hormone and associated protein measurements in
biological samples stored for a long time. No
statistically significant differences were found in
distribution of IGF-I and IGFBP-3 levels between
newly collected and serum samples stored at —80°C
for up to 9 years [6]. Several authors have reported
either stability [1,7,8] or some degradation over time
[9-11] of estradiol and/or testosterone levels
in serum samples stored at the very low or low
(—20°C) temperature. On the other hand, one
study reported apparently normal progesterone le-
vels in sera stored at —20°C for up to 7 years [12],
while in another study progesterone levels decreased
up to 40% over 3 years of cryopreservation at
—80°C [1].

The Finnish Maternity Cohort (FMC) [4] is to
the best of our knowledge the world’s largest serum
bank with 1470 000 samples from 750 000 pregnant
women. In our studies on hormones and subsequent
risk of cancer nested within the FMC we assume
that the storage of the serum samples could have
affected the hormone levels and may confound the
relative risk assessment. Thus, we investigated the
effect of storage on the serum levels of three groups
of hormones and associated proteins: sex-steroid,
pregnancy-specific hormones, and insulin-like
growth factor related hormones.

Material and methods
Finnish Maternity Cohort

The FMC contains serum samples from almost all
pregnant Finnish women (~98%) since 1983.
Following an informed consent the blood samples
collected at the municipal Maternity Care Units
from women during the first trimester of pregnancy
for screening of congenital infections: Treponema
pallidum, human immunodeficiency virus and hepa-
titis B virus. At the prenatal serology laboratory of
the Finnish National Public Health Institute in Oulu
sera are separated by centrifugation from the blood
samples. Following the screening, remaining sera
with 1 to 3 mL in volume are stored unthawn in a
centralized, closely monitored facility at —25°C in a
polypropylene cryo-vials (Nunc GmbH&Co, Wies-
baden, Germany).

In addition, personal identification number, and
data on reproductive history (number of pregnancies
and deliveries), place of residence at the time of
sample collection, date of sample collection at
Maternity Care Units, date of sample processing in
Oulu and date of expected delivery are registered in
the FMC data files. The identification and access of
the individuals from the FMC is not allowed by the
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Finnish law but according to the informed consent
the samples can be used for epidemiological studies.

Study subjects

Hormones of interest were analyzed in 14 random
samples collected at every other year from 1984 to
2004 of altogether 154 women during the first
trimester of their first pregnancy. Mean and median
ages of the women at sample withdrawal were 29.2
and 29.5 years (range 25 to 34 years).

Gestational day (GD) was defined as the time
between the first day of the last menstruation and
sample withdrawal of the subjects, and calculated
using the formula: 280 — (date of expected delivery —
date of blood sampling at Maternity Care Units).
The mean GD for the study population was 77.7 +
26.7 days (range 42 to 222 days).

Bench-lag time (BLT) was defined as the time
between sample collection and freezing for storage.
The mean BLT for the study population was
3.5+2.2 days (range 1 to 14 days). Forty one
percent of the samples had a BLT 1 to 2 days,
35% a BLT 3 to 4 days and 24% a BLT greater than
4 days.

Sample collection and handling

All the 154 previously unthawn serum samples
included for this study were retrieved from the
FMC storage for the first time. No hemolysis or
visual signs of freeze-drying were observed in any
sample. A total volume of 370 pL. was aliquoted
from each sample and sent to the Department of
Medical Bioscience, University of Umed, Sweden for
the hormone and protein measurements.

Laboratory methods

Quantification of serum hormones and associated
binding-proteins were performed in the same serial of
analyses using commercial competitive or non-
competitive enzyme-linked or radio- immunoassays
at the Clinical Chemistry Laboratory, Department of
Medical Biosciences, Umeéd University, Umea, Swe-
den. Specifications of the hormone assays and intra-
and inter-assay coefficients of variation (CV)
obtained from the manufacturers are given in Table 1.

Statistical methods

All measured hormone and other protein levels were
In-transformed to reduce departures from the nor-
mal distribution. Descriptive statistics were calcu-
lated for each variable separately. Box-plots were
drawn for the hormone levels and storage time.
Spearman’s partial ranked correlation coefficient (r,)
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Table I. Assay methods used.

Range of coefficient of variation (%)

Analyte Method Intra assay Inter assay
Estradiol ALPCO Diagnostics Estradiol EIA 7.5-12.2 8.2-12.1
Progesterone R&D Systems’ Progesterone EIA 4.9-7.6 2.7-8.3
Testosterone DPC IMMULITE 2000 Total testosterone Chemiluminescent EIA 5.1-16.3 7.2-24.3
DHEAS DPC IMMULITE 2000 DHEA-SO, Chemiluminescent EIA 4.9-9.8 7.9-13
SHBG DPC IMMULITE 2000 SHBG Chemiluminescent EIA 0.03-4.2 4.0-6.6
hCG DPC hCG Coat-A-Count IRMA 2.6-5.8 4.6-7.0
AFP DPC IMMULITE 2000 AFP Chemiluminescent EIA 2.1-6.3 4.5-12
hPGH BIOCODE-HYCEL hPGH IRMA 3.0-5.5 5.0-7.9
IGF-1 DSL IGF-1 ELISA (DSL-10-2800) 4.5-8.6 3.3-6.8
IGFBP-3 DSL IGFBP-3 ELISA (DSL-10-6600) 7.3-9.6 8.2-11.4
total IGFBP-1 DSL Total IGFBP-1 ELISA (DSL-10-7800) 1.7-4.6 6.2-7.6
np IGFBP-1 Medix Biochemica IGFBP-1 IEMA 4.4-5.4 4459

Note: EIA-enzyme immunoassay; IRMA-immunoradiometric assay; ELISA-enzyme-linked immunosorbent assay; IEMA-immunoenzy-

metric assay.

was used to test for correlation between the serum
hormone levels and 1) serum storage time, 2) BLT or
3) GD at serum sampling. Multivariate regression
analysis was used to evaluate on continuous scale the
effect of BLT on hormone levels. Additionally, a
nonparametric local regression model with smooth-
ing parameters set from 0.1 to 1 was fitted to
describe the effect of GD on variation of hormone
levels. The best smoothing parameter was chosen for
every hormone according to the smallest AIC.
statistics for all the smoothing parameters that were
specified in the model statement. Analyses were
done by using (GLM), (CORR) and (LOESS)
procedures of the SAS program version 9.1.

Results

When comparing to the reference serum levels of
pregnant women, the studied hormone and asso-
ciated protein levels remained within clinically nor-
mal range with the exception of relatively low
estradiol levels. There is no consistent pattern in
that some hormones increase whereas others de-
crease with storage time (Figure 1). However,
Spearman’s ranked correlation analysis with the
effects of BLT, GD and maternal age controlled,
showed a decrease by storage time for serum levels of
progesterone (ro = —0.36), IGF-I (ry= —0.23) and
IGFBP-3 (ry= —0.38), whereas an increase by
storage time was found for estradiol (ry=0.23),
SHBG (r, =0.16), and AFP (r;=0.20) levels, and
serum levels of non-phosphorylated (np) IGF bind-
ing protein (BP)-1 (ry =0.27). No correlation was
observed between the storage time and serum levels
of testosterone, DHEAS, hCG, pGH and total
IGFBP-1 (data not shown).

Levels of np IGFBP-1, but no other serum
hormone and binding-protein levels, decreased

with increasing length of the BLT on a continuous
scale in the GLM analysis (data not shown). The
Spearman’s ranked correlation did not show statis-
tically significant correlations between BLT and
serum hormone levels including that of np IGFBP-1.

Samples from individuals with GD between 40
and 120 days (145 women) were used for the
analysis of the impact of GD. The regression model
analysis revealed that the hormone levels by GD
followed the dynamics of the pregnancy (Figure 2).
With the effect of BLT and maternal age controlled,
serum levels of estradiol (ry=0.42), progesterone
(rg =0.21), SHBG (r; =0.54), pGH (r; =0.66), AFP
(rs=0.7), total IGFBP-1 (r,=0.54), np IGFBP-1
(rs =0.49) increased with increasing GD, while levels
of DHEAS (r,= —0.25) and hCG (r;= —0.37)
levels decreased with increasing GD.

Discussion

This study was conducted to investigate the impact
of long-term storage of serum samples obtained from
pregnant women on the measurement of three
groups of hormones and associated proteins: sex-
steroid, pregnancy-specific hormones, and insulin-
like growth factor related hormones. This kind of
information is crucial in epidemiological studies on
the association of pregnancy associated hormones
and subsequent risk of cancer nested within mater-
nity cohorts.

No consistent pattern of level variation with
storage time was found for any of the hormones or
associated binding-proteins. Some hormone and
protein levels decreased and some increased with
increasing storage time. However, the changes did
not exceed the inter assay variations of the enzyme-
immunological tests, and the levels remained within
the clinically normal range. Some fluctuation of the
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Figure 1. Variation of hormone levels by storage time in FMC biobank samples. a) estradiol (p <0.006)*, b) progesterone (p <0.0001),
¢) SHBG (p <0.04), d) AFP (p <0.017), e) IGF-1 (p <0.007), f) IGFBP-3 (p <0.0001), g) np IGFBP-1 (p <0.002). *P-values

(Spearman’s ranked correlation analysis).

hormone levels by storage time and GD could be
due to individual characteristics of the pregnant
women.

Overall stability of sex-steroid and other preg-
nancy-related hormones and associated binding-
proteins or causes of their degradation in stored
serum/plasma samples are not well established.

Reasons for the observed variation remain specula-
tive, and can be caused by a number of confounding
factors. The decrease that has previously been
reported in progesterone levels after long-term
storage at —70°C was suggested to be related with
molecular modification or by interference of the
cryotube material used in low temperature storage
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Figure 2. Variation of hormone levels by gestational day during early pregnancy in FMC biobank samples.*ﬁ a) estradiol (p <0.0001)i, b)
progesterone (p <0.01), c) DHEAS (p <0.002), d) SHBG (p <0.0001), e¢) hCG (p <0.0001), f) pGH (p <0.0001), g) AFP (p <0.0001),
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[1]. On the other hand, apparently normal proges-
terone levels in sera stored at —20°C for up to 7
years have been reported [12]. However, comparing
storage at —20°C with storage at —70°C may not be
acceptable for the sex steroid hormones [11,13]. For
example, dissociation of SHBP from estradiol and
testosterone over time may decrease measurable
nonbound levels of these hormones [13]. On the
other hand, changes in IGF-1 and IGFBP-3 levels in
stored serum sample have been suggested to be due
to potential post-sampling proteolysis [14]. The
effect of storage time on measurement of specific
hormone might vary according to the assay method.
Different antibodies may bind to different parts of
peptide hormones and this could affect the perfor-
mance in old samples where, for example, terminal
amino acids might be lost. Thus, matching for
storage time, a common design component of nested
case-control studies is needed also to control for the
observed variations in the hormones and hormone
measurements studied.

No substantial effect of the length of BLT on the
sex-steroid and pregnancy-specific hormone and
binding-protein levels could be found. Decreasing
levels of serum npIGFBP-1 with increasing length of
the BLT on a continuous scale in the GLLM analysis
could be due to chance. However, in nested case-
control studies researchers should be aware of
potential hormone measurement variability by
BLT. Elevated level of hCG has been found with
BLT of 2 days [15], but several studies have shown
an increase in testosterone level with a delay in
sample processing [16-18]. On the other hand
delayed processing of up to 3 days does not seem
to alter levels of estrogens and most androgens
[16-20].

The variation of hormone levels by GD followed
the dynamics of the pregnancy and were in agree-
ment with what was expected based on available
clinical data [21]. However, trimester-specific refer-
ence intervals for several hormones are difficult to
establish due to lack of specificity in enzyme-
immunoassay techniques [22]. The lack of expected
drop in hCG levels by GD probably reflects the
relatively early GD at serum sample withdrawal.
Thus, in nested case-control studies considering
pregnancy-related hormones the data on GD at
sample withdrawal should be taken into account in
matching.

In conclusion, the samples of the FMC, preserved
for up to 22 years at —25°C can be used to study
hormone-disease associations. The quality of the
samples stored at the FMC is always assured by the
following procedures: (a) serum is obtained by a
standardized procedure and all aliquots are prepared
in the same way, (b) samples are aliquoted into
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appropriate airtight tubes to prevent freeze-drying
effect with long-term storage, (c) storage tempera-
ture is monitored regularly, (d) the time between
sample collection and freezing for long-term storage
is kept as shorter as possible. In the future, as a part
of quality assurance of the studies based on FMC
material, samples of a particular research will be
validated for analyte measurements (hormones,
antibodies, trace elements) to assure study quality.
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